JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. 1987; Huey et al. 1989) for a variety of functions including endurance, sprint speed, growth, digestive efficiency, This study tested the hypothesis that there has been an evoluand hearing. Thus, performance capacity approaches thermally tionary increase in locomotor performance capacity at low maximal levels during activity in diurnal lizards. In contrast, temperature in nocturnal lizards. Nocturnal lizards are often nocturnal lizards experience much lower body temperatures active at low and suboptimal body temperatures. An evolutionduring activity than is optimal. Even for lizards well adapted ary decrease in the minimum cost of locomotion could increase to nocturnality, these low temperatures can be substantially endurance capacity at low temperature, partially offsetting the suboptimal for sprinting (Huey et al. 1989), growth (Autumn thermal handicap of nocturnality. In support of the nocturand DeNardo 1995), and sustained locomotion (Autumn et al. nality hypothesis, we discovered that minimum cost of locomo-1994). Thus, nocturnality represents a thermal handicap that tion of a nocturnal gecko, Coleonyx variegatus (4.2 g), was constrains performance to submaximal levels (Autumn et al. only 58% of the minimum cost of locomotion of Phrynosoma 1994). Given typical rate-temperature effects (Q 10 Å 2.5; Bendouglassii, a diurnal lizard (4.5 g). As a result, maximum aeronett 1982), a 15ЊC drop in body temperature causes a 75% bic speed was 2.3 times as great in the nocturnal lizard comdecrease in performance capacity. pared to the diurnal lizard. By using the method of phylogenetically independent contrasts at the species level, we showed that the relationship between mass and minimum cost of locomo-The Nocturnality Hypothesis tion in diurnal lizards was similar to that of the ahistorical Nocturnal lizards may have physiological adaptations that offstandard allometry and that low minimum cost of locomotion set the thermal handicap. In this study we tested the hypothesis in geckos represents a significant evolutionary change from the that there has been an evolutionary increase in locomotor perancestral diurnal pattern. The decrease in the minimum cost formance capacity at low temperature in nocturnal lizards. of locomotion concordant with the evolution of nocturnality An animal's maximum aerobic speed (MAS) is an important suggests that geckos evolved a greater capacity for sustained determinant of its locomotor capacity and is strongly affected locomotion at low temperature.
Introduction
is attained. Locomotion at speeds below the MAS is fueled Nocturnal lizards provide an excellent model system with primarily by aerobic metabolism and is sustainable for long which to study the effects of an important evolutionary shift periods of time (minutes to hours). Locomotion at speeds above the MAS is fueled primarily by accelerated glycolysis and cannot be sustained for long periods of time (seconds to *To whom correspondence should be addressed; E-mail: gecko@socrates .berkeley.edu.
minutes; John-Alder and Bennett 1981; Gatten et al. 1992 ).
The MAS is a function of both V g O 2max and fuel economy (mini-diurnal lizards (Autumn and Full 1994) . T. przewalskii has a remarkably low energetic cost of locomotion compared with literature values for diurnal lizards of similar body mass. In fact, these geckos use only one-third of the predicted metabolic energy required by diurnal lizards to travel 1 m. As a result of this low C min , individuals of T. przewalskii are capable of sustaining aerobically speeds that are 2.5 times greater than the speeds that can be sustained by phylogenetically comparable diurnal lizards of similar body mass. This is due to a 2.5-fold relative increase in MAS in T. przewalskii, which partially offsets the thermal handicap of nocturnality. This observation may explain why it is possible for many nocturnal lizards to be active foragers (Semenov and Borkin 1992; Autumn et al. 1994; B. E. Dial, personal communication; Y. L. Werner, personal communication) in spite of aerobic limitations at low body temperatures. Farley and Emshwiller (1996) went on to provide evidence for the mechanism resulting in low fuel economy. The nocturnal gecko Coleonyx variegatus was shown to be nearly twice as efficient in performing mechanical work during uphill locomotion as the diurnal lizard Eumeces skiltonianus. By conducting this study on animals of the same mass, Farley and Emshwiller Testing the generality of the nocturnality hypothesis benefits sustainable for long periods of time (minutes to hours). A lower C min causes V g O 2max to be reached at a greater speed, yielding a from direct comparisons but ultimately requires a considergreater MAS, which in turn increases endurance capacity at ation of allometry and phylogeny. In the present study, we sustainable speeds.
conduct a direct comparison of nocturnal and diurnal lizards but do so in a manner that controls for both body mass and evolutionary history. which V g O 2max is attained; a lower C min allows a higher MAS.
Similarly, an increase in V g O 2max would allow a higher MAS.
Thus, the MAS of a nocturnal lizard active at low body temper-A Phylogenetically Independent Allometry atures could be increased either by decreasing the C min or by increasing the V g O 2max . C min in lizards is independent of body Our first objective was to produce a phylogenetically independent allometry of C min . Conclusions about variation in C min temperature (John-Alder and Bennett 1981; Rome 1982) , but V g O 2max is strongly temperature-dependent, decreasing by a fac-are typically reached by standard regression analysis (Full 1989 ). We first compared data from the present study on noctor of two to three for each 10ЊC decrease in body temperature (Bennett 1982) . As a result of the strong dependence of V g O 2max turnal western banded geckos (C. variegatus) and diurnal dwarf short-horned lizards (Phrynosoma douglassii) to the standard on body temperature, nocturnal lizards face a thermal handicap when they are active at low body temperatures.
relationship between C min and body mass developed for lizards (John-Alder et al. 1986) . We then applied a phylogenetic statisWe previously hypothesized that the thermal handicap resulting from the reduced V g O 2max at low body temperatures may tical method of analysis, because it has become apparent that phylogenetic patterns can affect (and potentially confound) be offset by a decrease in C min in nocturnal lizards (Fig. 1) . This hypothesis is supported by data on C min and the thermal the interpretation of allometric comparisons among species (Felsenstein 1985; Garland et al. 1992 ). Species are not indesensitivity of V g O 2max in nocturnal frog-eyed geckos, Teratoscincus przewalskii (Autumn et al. 1994) . The thermal optimum pendent samples because common ancestry tends to produce common features (Losos and Miles 1994 
Evolution of C min
Our second objective was to test the hypothesis that nocturnal geckos evolved a lower C min than their diurnal ancestors. Therefore, we needed to determine the ancestral relationship between Figure 2 . Hypothetical allometry of C min and body mass in lizards. C min and mass in diurnal lizards and to test if geckos differ The data points are arbitrary but show the typical negative allomet-significantly from this pattern. To test this hypothesis, we must ric slope described by John-Alder et al. (1986) . The solid line eliminate the possibility that low C min evolved in a clade that represents the theoretical slope of the statistical population of all includes geckos and diurnal lizards. If the independent conlizard species. If small diurnal lizards (open circles) belong to a trasts allometry reveals that significant differences in C min occlade with a marginally high C min , this could significantly decrease the slope (elevate the negative slope; dashed line), making geckos curred at the level of geckos and not in a more inclusive, (G) seem as if they have a low C min when they actually have a C min diurnal clade, this would suggest that C min decreased concortypical of lizards of the same body mass. This study rejected this dantly with the evolution of nocturnality in geckos and that possibility by using phylogenetic statistical analysis.
geckos evolved a greater capacity for sustained locomotion (greater MAS) at low temperature. belong to a single clade with a marginally high C min (Fig. 2) . Inflating the sample size of standard allometry by phylogenetic pseudoreplication could significantly decrease the slope (elevate the negative slope), making geckos seem as if they have a Material and Methods low C min when they actually have a typical C min . Since prior analyses of species variation in C min have not included phylog-Animals eny (John-Alder et al. 1986) , only an explicitly phylogenetic statistical method of analysis can eliminate these possibilities. We used five adult males of Phrynosoma douglassii (mean { SD Å 4.5 g { 0.66 g) collected at the Shasta-Trinity National We selected the method of phylogenetically independent contrasts (Felsenstein 1985; Garland et al. 1992) , which takes Forest, Siskiyou County, California (California collector's permit 7162 to K.A.) and five adult males of Coleonyx variegatus the nested dependency of species values into account and generates a ''phylogenetically independent'' allometric relation-(4.2 g { 0.58 g) purchased from a commercial collector in April 1992. Body temperatures of diurnally active P. douglassii ship. If phylogeny has little or no effect on the allometric pattern, the phylogenetically independent allometry will be (mean { SE Å 34.9Њ { 0.64ЊC; Pianka and Parker 1975) are close to the temperatures they prefer in the laboratory (35ЊC; similar or identical to a standard allometry. Autumn et al. (1994) used the independent contrasts method to analyze C min Prieto and Whitford 1971). In contrast, individuals of C. variegatus are active at night with body temperatures as low as 15ЊC in diurnal lizard families. This phylogenetic analysis was consistent with the standard species allometry of John-Alder et al. (mean Å 24.8ЊC; Brattstrom 1965), substantially lower than the temperatures they prefer in the laboratory (mean { SE (1986). However, because it included only family means, it is still possible that the more detailed phylogenetic analysis at the Å 32.8Њ { 1.26ЊC; Dial and Grismer 1992). During the study, the lizards lived individually in plastic terraria in an environspecies level used in this study would reveal a different pattern. In order to determine if a low C min is a unique character of T. mental room (24ЊC). Diurnal lizard terraria had heat lamps.
Nocturnal lizard terraria had heat strips that provided a therprzewalskii or a general characteristic of geckos, a species-level analysis is necessary.
mal gradient of 25Њ -40ЊC and direct ultraviolet lighting from a fluorescent tanning lamp. Lights and heat strips were on a The independent contrasts method is also capable of identifying patterns of variation in C min that are explained primarily 13-h on : 11-h off cycle. The terraria had a sandy gravel substrate. The lizards ate a diet of mealworms, crickets, and vitaby history and not by body mass. Since we needed to analyze variation in C min and mass at the phylogenetic levels of lizards min/mineral supplement, and drank water ad lib.
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Oxygen Consumption Measurements MAS and C min
We exercised the lizards in a miniature treadmill-respirometer The typical relationship between aerobically submaximal V g O 2 (Herreid et al. 1981) . Air leaving the chamber was dried with and running speed is a linear equation ( Fig. 1 adjusted the length of the chamber to slightly greater than body We used the program StatView version 4.5 (Abacus Concepts length to ensure steady locomotion rather than intermittent 1989) on PowerBook 5300 (Apple) and Power Center 150 sprinting. A plastic-bristled brush provided aversive stimulus (Power Computing) computers. at the rear of the chamber. We used a dark screen in the front to simulate a refuge, which seemed to be a positive stimulus. The brush and screen, combined with bright fiber-optic light-Phylogenetic Analysis ing from the sides of the chamber, seemed to contribute greatly Regressions using standardized, phylogenetically independent in obtaining steady runs. We also used a lightweight metal contrasts of C min on body mass followed the protocol of prod to tap on the tail or hind leg if the brush was not sufficient. Felsenstein (1985) and Garland et al. (1992) . We used the Treadmill speeds ranged from 0.03 to 0.3 km h
01
. Before meacomputer program CAIC version 2.0.0 (Purvis and Rambaut surement, we had each lizard do numerous practice trials of 1995) to calculate independent contrasts. Phylogenetic relawalking on the treadmill. The lizards' treadmill locomotion tionships for independent contrasts were taken from Kluge improved dramatically over the course of these practice trials (1987), Estes et al. (1988), and Garland (1994) . We used C min as they learned to walk steadily at the front of the treadmill. and body mass values for adults of 18 diurnal lizard species After data collection began, we terminated a trial if an animal reported by John-Alder et al. (1986) . For some species, Johnrepeatedly bumped against the brush, struggled, or refused to Alder et al. (1986) report C min from both large and small indiwalk for more than 10 s.
viduals. It is not the focus of this study to address the issue of The calculation of aerobically submaximal V g O 2 for an indiintraspecific allometry or to study the effects of ontogeny on vidual at a single speed was made from the mean of steady allometry; therefore, we excluded the measurements with low state V g O 2 during the last 3 min of at least 10 min of continuous mass if they differed more than 10-fold from the measurements locomotion. We defined a steady state as a window of 3 min with the higher mass(es), since these might not be adults. We of V g O 2 data through which a regression (n Å 18 mean values used a model of equal branch lengths and regression through from each 10-s interval) on time had a slope of less than 0.05% the origin (Garland et al. 1992 ) to calculate allometries of O 2 min 01 and did not include an obvious peak in V g O 2 . Most standardized independent contrasts of log C min versus log body trials included more than 20 min of continuous locomotion.
mass. To compare values of C min in diurnal and nocturnal At the two highest speeds, some individuals were not able to lizards, we plotted the independent contrasts allometry using sustain locomotion for more than 6 min; however, these speeds only diurnal lizards (John-Alder et al. [1986] and our data for were not included in the calculation of C min since they were P. douglassii). We then recalculated the independent contrasts above the MAS. We used three measurements for each individallometry by including the only existing data from nocturnal ual at each speed, which represents 135 runs (over seven sublizards (geckos): Teratoscincus przewalskii (Autumn et al. 1994) maximal speeds) for Coleonyx and 90 runs (over three submaximal speeds) for Phrynosoma.
and C. variegatus (present study). We then plotted the contrasts 9g10$$no13 10-08-97 10:19:36 pza UC: PHYS ZOO between the two geckos and between the gecko clade (Gekkonoidea) and its sister taxon (Autarchoglossa) on the independent contrasts allometry for diurnal lizards. To check the assumptions of independent contrasts and linear regression, we searched for correlations and patterns in plots of residuals versus independent contrasts in mass and independent contrasts in C min . There was no significant correlation (P ú 0.05) or pattern evident in any of these plots, which indicates that the assumptions were supported.
Results

MAS and C min
The mean (n Å 5) C min in douglassii. There were no significant differences in y-intercept (U Å 10; n Å 10; P Å 0.6) or V g O 2max (U Å 7; n Å 10; P Å 0.25) between species. Therefore, as a result of its lower C min , mean MAS in limits of the mass-specific allometry for diurnal lizards, and C min was significantly lower in C. variegatus than in P. douglassii.
C min in C. variegatus fell below the 95% forecast confidence
The relatively low mean C min in C. variegatus yielded a relatively limits (Fig. 4) [kg]; r 2 Å 0.85; P õ 0.0001) is identical to the allometry of John-Alder et al. (1986) .
fell near the 95% confidence limits for the diurnal independent contrasts allometry.
Phylogenetically Independent Allometric Analysis
The slopes of the standard (slope Å 00.28) and phylogeneti-Discussion cally independent (slope Å 00.32) allometries for diurnal lizards (including P. douglassii) were very similar. The phyloge-The original discovery that a low C min in frog-eyed geckos (Teratoscincus przewalskii; Autumn et al. 1994 ) increases MAS at low, netically independent contrast between nocturnal geckos and Autarchoglossa (Fig. 5) fell far below the 95% confidence limits nocturnal temperatures raises the question of whether T. przewalskii is a uniquely adapted lizard or whether a low C min , increased for the diurnal independent contrasts allometry, which supports the hypothesis that the nocturnal geckos have derived a MAS, and nocturnality evolved concordantly in geckos as a group (the nocturnality hypothesis). Direct comparisons of diurnal and low C min (Fig. 6) . The independent contrasts within the geckos 9g10$$no13 10-08-97 10:19:36 pza UC: PHYS ZOO dard allometry for diurnal lizards (00.28; Fig. 4 ). This suggests that at the phylogenetic level of lizards (Squamata) there is a functional dependence between mass and C min that in most cases transcends phylogeny. In other words, body mass, not history, explains most of the variation in C min in diurnal lizards. The independent contrasts analysis also demonstrates that the value of C min in P. douglassii was not atypical of diurnal lizards and is valid for comparison with C. variegatus. The relationship between body mass and C min has remained remarkably constant over the approximately 200 million yr of squamate evolution. There are at least two interpretations of this conservative allometric pattern. One is the view of allometry as a line of adaptation (Harvey and Pagel 1991) , where C min is free to vary but, for a given mass, selection favors values near the line. In other words, there is something about body mass that mecha-1986). C min for Phrynosoma douglassii (circle) falls within the 95% forecast confidence limits (dashed lines) of the diurnal lizard allom-nistically limits variation in C min . The former view could be etry (solid line). C min for the nocturnal lizards Coleonyx variegatus termed a functionalist explanation, while the latter could be (this study; solid star) and Teratoscincus przewalskii (Autumn et termed a structuralist explanation (Lauder 1982; Reippel 1988 Reippel ). al. 1994 ; open star) fall far below the 95% forecast confidence It is likely that both explanations have some degree of validity. The limits.
functionalist explanation requires ongoing convergent or parallel nocturnal lizards of the same body mass under the same experi-selection that results in evolution of all populations of each species mental conditions by Farley and Emshwiller (1996) and in this toward an optimal mass-specific value of C min . This explanation study support the hypothesis of nocturnality. For example, in the for allometry predicts that there should be ongoing stabilizing present study there was a striking difference in C min between the selection for individuals to have values of mass and C min that lie nocturnal and diurnal species: C min in Coleonyx variegatus was close to the allometry (Fig. 4) . Dramatic exceptions to the allometonly 58% of that of the Phrynosoma douglassii. As a result, MAS ric rule such as the nocturnal geckos T. przewalskii (Autumn et of C. variegatus was 2.3 times that of the diurnal P. douglassii al. 1994) and C. variegatus (present study), which have evolved (Fig. 3) . Since C min in P. douglassii and Eumeces skiltonianus (Farley a much lower C min than predicted, challenge the functionalist and Emshwiller 1996) is within the range of values predicted by explanation because evolution has not proceeded in the direction the standard allometry ( Fig. 4 ; John-Alder et al. 1986 ; Autumn expected if the allometry is a line of optimality. In order to explain et al. 1994), there seems to be a similar functional relationship a deviation from the allometry, the functionalist interpretation between body mass and C min in small and large diurnal lizards. becomes more complicated; patterns such as those in C. variegatus This is important in comparisons involving nocturnal and diurnal would require ongoing directional selection to balance stabilizing lizards because, while diurnal lizards come in all sizes (ca. 1 g to selection maintaining the optimal allometric pattern. 150 kg), nocturnal lizards tend to be small (ca. 1-300 g). The
The structuralist explanation requires no selection to mainallometric analysis also showed that C min in C. variegatus was very tain the allometric pattern and is therefore a more parsimonilow in comparison to that in diurnal lizards (Fig. 4) . C min in the ous null model. This interpretation is supported by the striking gecko was comparable to that of diurnal lizards more than 10 allometric similarity of mass and C min in lizards, birds, mamtimes as heavy. This supports the nocturnality hypothesis. With-mals, and invertebrates (Full 1989) . The structuralist interpreout factoring out phylogenetic similarity among diurnal species, tation of allometry as a line of constraint will be tested by however, we cannot evaluate the statistical significance of the progress in the study of mechanisms underlying the relationdifference in C min between C. variegatus and diurnal lizards. For ship between body mass and the energetic cost of locomotion. example, if the smallest diurnal lizards in our analysis belong to a From this perspective, points near the independent contrasts clade that has marginally high C min , which decreases the allometric allometry (Fig. 6 ) represent taxa that retain the ancestral lizard slope, then the seemingly low C min in C. variegatus and T. przewal-pattern and require no adaptive explanation (Harvey and Pagel skii could be a historical artifact. To solve this problem, we fac-1991). Deviations from the independent contrasts allometry tored out differences in C min caused by both mass and historical that increase performance represent an adaptive evolutionary noise to focus on the signal of interest-nocturnality. change in C min .
Phylogenetically Independent Allometry Evolution of C min
Our results suggest that there has been an adaptive evolutionary The slope of the phylogenetically independent allometry for diurnal lizards (00.32; Fig. 6 ) was similar to that of the stan-change in C min within geckos. C min is much lower in nocturnal 9g10$$no13
10-08-97 10:19:36 pza UC: PHYS ZOO Figure 5 . Cladogram of diurnal and nocturnal lizard species for the 95% confidence limit. This implies that a low C min is a which there are measurements of C min . The topology follows Kluge shared, derived character of Gekkonoidea, not a unique charac- (1987) , Estes et al. (1988), and Garland (1994) . Polytomies should ter of one species. Measurements of C min in other gecko species be interpreted as soft (in other words, there is not enough informa-will further test this hypothesis.
tion to resolve relationships among taxa, but we do not assume that the taxa split simultaneously). Branch lengths represent order of branching, not absolute time. Asterisks denote species from this
Increased Performance at Low Temperature study.
The low C min in the geckos increases endurance capacity at low temperature and partially offsets the thermal handicap of geckos than in diurnal lizards of similar mass under the same experimental conditions (Fig. 3) and in diurnal lizards of a nocturnality. This supports our hypothesis that there has been an evolutionary increase in locomotor performance capacity wide range of body mass after the effects of mass and phylogeny have been considered (Fig. 6) . The independent contrasts be-at low temperature in nocturnal lizards. Since temperature affects aerobic metabolism dramatically, it is reasonable to contween the geckos (Gekkonoidea) and their sister taxon (Autarchoglossa) fell below the 95% confidence limit of the inde-sider the effects of temperature on C min . This is an important point because comparisons of C min among species may involve pendent contrasts allometry. This suggests that C min decreased in the geckos. However, it is necessary to consider the possibil-measurements taken at different temperatures. There is strong evidence that C min is temperature-independent in lizards (Johnity that T. przewalskii is unique among geckos in having a very low C min . If this were true, this extremely low value could be Alder and Bennett 1981; John-Alder et al. 1983; Bennett and John-Alder 1984; Autumn et al. 1994 ). However, V g O 2max is
solely responsible for the significant difference between Gekkonoidea and Autarchoglossa. The data do not support this possi-strongly temperature-dependent. The thermal sensitivity of the MAS is due to the thermal sensitivity of V g O 2max , not to any bility. The independent contrasts between T. przewalskii and C. variegatus fell near the 95% confidence limit of the independent change in C min . A decrease in C min is adaptive for activity at low temperature because it can offset the thermally induced contrasts allometry, indicating that there was no substantial difference in C min between T. przewalskii and C. variegatus. decrease in V g O 2max . Since V g O 2max in P. douglassii was nearly identical to that in C. variegatus, the dramatic difference in MAS Moreover, the independent contrasts between C. variegatus (excluding T. przewalskii) and Autarchoglossa fell far below was solely because of a low C min in C. variegatus. This difference 9g10$$no13 10-08-97 10:19:36 pza UC: PHYS ZOO Figure 6 . Phylogenetically independent contrasts in log C min and Full 1994; Autumn et al. 1994) . It is interesting to note (D log C min ) versus independent contrasts in log body mass (D log that a low C min is potentially an advantage at all body temperamass). Phylogenetically independent contrasts are differences in char-tures. An animal with a reduced C min will have an increased acter value (log mass and log C min ) between sister taxa. The solid MAS at any given temperature. Measurements of C min in secline represents a regression through the origin (slope Å 00.32; R 2 ondarily diurnal geckos that are active at high temperature, Å 0.89) of 0D log C min on 0D log mass in diurnal lizards only, such as species of Rhoptropus or Phelsuma, will test the advanwhich is a phylogenetically independent allometry showing a correlation between evolutionary change in log mass and log C min in diurnal tages of low C min under different environmental conditions. If lizards. The dashed lines represent the 95% confidence limits of the secondarily diurnal geckos have C min typical of ancestrally diurdiurnal lizard independent contrasts allometry. Contrasts (geometric nal lizards, this would suggest a trade-off between fuel economy shapes) that fall within the confidence limits represent sister taxa for and another performance-related variable that is important for which a difference in mass is accompanied by a typical difference diurnal activity.
in C min . Abbreviated names of taxa are Am, Amblyrynchus; Dip, Dipsosaurus; Ig, Iguana; and Co, Conolophus. The independent conThis study underscores the need to consider phylogeny in trasts between nocturnal geckos and Autarchoglossa (star) fell far comparative physiology. Geckos form an extremely speciose below the 95% confidence limits for the diurnal independent con-clade (ú 800 species) and most geckos are small (õ 30 g). If trasts allometry, which supports the hypothesis that the nocturnal C min is unusually low in geckos as a group, a standard allometric geckos have derived a low C min .
analysis of a representative sample of lizard species would erroneously show that mass had little effect on C min because of is very striking when observing the animals moving on a treadmill the large number of small lizards (geckos) with low C min (Fig. at their MAS at 25ЊC. The MAS of the gecko (0.24 km h 01 ) is a 7A). A phylogenetically correct analysis can solve this problem speed that seems quite typical of small lizards moving in nature, by separating the ancestral lizard pattern from the derived while the MAS of P. douglassii (0.096 km h
01
) is so slow that we gecko pattern (Fig. 7B) , clearly showing that the geckos do not doubt it could forage effectively at 25ЊC.
follow the same allometric relationship as diurnal lizards. Although the geckos have evolved an improved locomotor As a result of this study, our preliminary conclusion is capacity at low temperature, they are still suboptimal at night that geckos evolved a low C min , which increases locomotor because the thermal optimum for V g O 2max does not seem to performance at low temperature and is adaptive for nocturnal coincide with nocturnal temperatures (Autumn and Full 1994) . activity. The generality of this pattern will depend on future V g O 2max is reduced at low temperature in both diurnal and data on C min in a representative sample of geckos. Also, there are other nocturnal squamates besides geckos. Two other nocturnal lizards (Bennett 1982; Gatten et al. 1992 ; Autumn 9g10$$no13 10-08-97 10:19:36 pza UC: PHYS ZOO
